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Detailed, report 

1. Name of invention 
brackets for orthodontia 

2. Sphere of patent request 
(claim I) 

Claim 1 is concerning brackets for orthodontia which have the following: 
characteristics. They are made from y Una stabilized sintered zfrcdnia. This is partially 
stabilized zirconia which contains 1.7 to 3.2. mpl % of yttria; the amount of tetragonal, 
crystal zirconia is at least 50 cnol % or more; the average particle diameter of the 
tetragonal crystal zirconia is 0.12 to 0.5 jim; porosity is i % or less. 

(claim 2) 

Claim 2 is concerning brackets fpr orthodontia in claim 1 which also contain 0.5 
wt. % maximum total of one or more oxides such as Co, Gr, Mh, Ce, Cd, Sr, Fe, Cu, Zh, 
Sb, V, Ni in; 

(claim 3) 

Claim 3 is concerning the brackets for orthodontia in claim 1 or 2 where a coating layer 
consisting of 100 to 700 kg/mm 1 Vicker's hardness material with 50 to 300 jirh thickness 
is arranged oh the surface. 



3. Detailed explanation of invention 
(Field of. industrial use) 

This invention is concerning brackets for orthodontia that are used by an 
orthodontist. These brackets for orthodontia have excellent appearance and high 
strength. 

(Prior art) 

During orthodontial treatment, bracketsbonded to each tooth are. strongly pulled 
by metal wire, etc. Therefore, it must have high strength and high toughness so thit it 
will not cause damage, chips, etc. Former materials for orthodontia that meet this 
requirement include; stainless steel. However, stainless sted'has-a metallic'lustcr and it 
stands out causing poor appeairance. 

As a solution for this problem* J^pan patent No., S 64-25847 discloses brackets for 
orthodontia which use single crystal alumina^ In addition, Japan patent No., 5 64-46451 
discloses brackets for orthodontia which uSe singie crystal zirconia which Contains yttria. 
Japan patent No. S 64-52448 discloses brackets for orthodontia which use ceramics that 
have spinel type crystals of magnesium: oxide and aluminum oxide. 

(Problems that this invention tries to solve) 

Although the single crystal alumina in Japan patent -No. s 64-25847 above has 
excellent transparency and good appearance, its processing cost is high. Not only that, its 
strength is directional, and its toughness is low. It is eaSy to crack or chip. 

The single crystal zirconia which contains; yllria in Japan patent No. S 64-46451 
and the spihel type crystal ceramics in Japan patent No. S 64-52448 are 7 transparent and 
their aippearanceis good. However, their mechanical strength is low, and they may be 
broken or bent easily. 

Accordih'giy,- the object- of this invention i$ :to offer brackets for orthodontia yvhicih, 
have good appearance and high toughness and mechanical strength . 

(Steps for solution) 

This invention has been made in order to attain the above Object. The brackets for 
orthodontia of this invention have the following chardcterislics., They? consist of yttria 
stabilized sintered zirconia. This is partially stabilized zirconia which contains 1 .7 to 3.2 
mol % of yttria; the amount of tetragonal crystal zirconia is at least 50 mol % or more; 
the average particle diameter of tetragonal crystal zirconia is 0.12 to 0.5 fira; porosity is 
1 % or less. 

According to the preferred state of this invention, itJs possible to add color by 
adding Q.5 wt. % maximum total of one or more oxides such as Co* Cr, Mn, Ce, Cd, t Sr, 
Fe, Cu, Zn, Sb, V, Nr. In addition, to protect the teeth, it is possible to arrange a 50 to 
300 \xtn thick coating with 1 0.0 to 700 kg/mm ?: Vicker's hardness. 

Ill the following, this invention is going to be explained in detail. 
According to this invention, by using, the sintered zirconia defined, it is possible 
to acquire brackets for orthodontia which have high toughness and, mechanical strength. 
That is, when this sintered zirconia body receives externial stress, since part of the 
tetragonal crystal zirconia component undergoes a local phase transformation to a 



monocliriic crystal, this absorbs the energy that tries to destroy the material (stress 
induced transformation reinforcing structure). Therefore, the material has high toughness 
and high strength. 

In the sintered zirconia body which constitutes brackets for orthodontia of this 
invention, the average crystal particle diameter of the tetragonal crystal zirconia has to be 
0.12 to 0.5 nm. If it is less than 0,12 |im, since the phase stability of the tetragonal 
crystal zirconia is too good, the stress induced transformation will not. occur. Not only 
that, it is hard to make a dense, sintered body. On the other hand, if it exceeds 0.5 jim, the 
phase stabi lity of the tetragonal crystal zirconia becomes bad. A drop in corrosion 
resistance occurs at high temperature during sterilization or when ir is kept in bodily fluid 
for a long time. When the material is stressed, a pha$e transformation occurs along the 
crystal particles in the entire material, so the particles may be destroyed. 

If the average crystal particle diameter of the tetragonal crystal zirconia is 0.1 2 to 
0.5 ^m, the phase stability of the tetragonal crystal is high. In order for the stress induced 
transformation reinforcing structure to work effectively, the amount of tetragonal crystal 
zirconia should be at least 50 mol % or higher. 

The porosity of this sintered zirconia body must be 1 % or less. If it exceeds 1 %, 
strength drops and it will hot be transparent. Not only that, the phase stability of the 
tetragonal crystal zirconia also becomes bad, and corrosion resistance becomes bad. The 
physical properti es of the sintered zirconia changes depending on the type of starting 
material powder, the sintering conditions such as molding conditions, sintering 
temperature, pressure, etc. Sintered zircpriia having the above performance is realized 
when the amount: of yttriia which Is a stabilizing substance is L7 to 3.2 mol °M if it is less 
than 1 .7 mol %, the tetragonal crystal zirconia is unstable, and a dense sintered body 
cannot be acquired. On the other hand, if it exceeds 3.2 mol %, toughness drops 
considerably. 

According to preferred state of this invention, the/material can be colored by 0.5 
wt. % maximum total of one or more oxides such as Go, £r, Mn,/Ce, jCd, Sr, Fe,.Cu, Zn, 
Sbi V, Ni. It can be blue, peach, ; yellow,; green, etc; The brightness, color phase, and 
vividness are controlled by the type and amount of oxide. However, if itexceeds 0,5. 
wt. %, the color becomes dark, which is not. preferred. By addmg oxides such as Cr r Ni, 
Cu, Mn, Zn, etc. to the starting material powdfer, it is -possible to the lower sintering 
temperature so the crystal grain size can be minimized. even more. A dense sintered part 
can be obtained without administering HIP treatment which will be discussed later. 

The Vicker's hardness of the sintered zirconia body is 900 to 1250 kg/mm 2 , and i t 
is much softer than alumina. In some patients, the brackets contact adjacent teeth which 
may be worn due to teeth quality or the. arrangement of the teeth. A coating layer which 
consists of a material softer than natural teeth or close to the hardness of natural teeth 
(essentially, 100 to 700 kg/mm 2 Vicker's hardness;) can be used to prevent the above 
wear. If the thickness of the coati ng layer is less than 5.0 nm, the coating layer will be 
worn. On the other hand, if it exceeds 300 |im, the brackets will be hard to release from 
the sintered body, etc. A 50 to 3.60|im range is good, The coating, layer can be a single 
polymer rcsiin such as polyurcthanc resin mixed with an inorganic powder such as 
alumina, magnesia, silica, or crystallized glass which have.a divided phase of mica, etc. 
As will be explained in the following, it can be directly coated oh the sintered zirconia 
body or held by adhesive ; 



The brackets of this in vention can he manufactured by the following method, for 
instance. A solution of zirconium oxy chloride with high purity that does not contain 
elements poisonous to the human body such as mercury or arsenic and a solution of 
yttrium chloride are mixed so that the yttria concentration will be 1 .7 to 3.2 rnol % by 
oxide conversion. A precipitation acquired by a conventional co precipitation method, 
hydrolysis method, or thermal decomposition method is dried, and temporarily baked at 
800 to 1000 9 €. After that, it is smashedby a ball mill or atrissiori mill, and a starting 
material powder is acquired, the oxides for coloring or reducing the 'sintering 
temperature, can be mixed with the above, solution, for exaimple/simulumeously as a 
solution of a water-soluble salt such as chloride. The starting material powd er acquired 
by this method has ge>od sintering properties. It mainly consists of a uni form distribution; 
of monoclinic surface crystals and tetragonal crystals with 0.1 jiin.or less •average 
primary particle diameter. A similar starting material poy/der can be acquired by metal 
alkoxide methods, sol gel methods^gas phase methods, etc. 

Next, this starting material powder is molded by conventional molding methods 
such as rubber press method, metal mold method, extrusion, injection molding, etc. After 
this molded body is skimmed, temperature is increased up. to 120Q to 1400 p Qat.2O to 
l 00 9 C/hpur. If is sintered at that tempetature .^ 3 hours, pen it is cooled 

down lo^approximately 600°C at 200 to 500 p C/li6ur. After that* it is naturally Cdolcsd 
down to room temperature. If the sintering temperiature is Jess than 1 20Q 9 C, sintering is 
insufficient. However* if it exceeds 1400°C, the tetragonal crystals became unstable 
because, of crystal particle growth. This is especially important for material that contains 
a low .amount of yttria that is expected to have high toughness. Therefore, a dense 
sintered body cannot be acquired, and its corrosion resistance also becomes bad. 
Accordingly, a sintered body with the desired composition, Crystal structure, and crystal 
particle diameter can be acquired. However, the porosity of this.sintered body is 0.7 to 
1 .7 %, and mechanical strength and appearance may be insufficient; In. such cases > a HIP 
treatment can be administered to the sintered body; that is, the; sintered body is heated 
for 10 minutes to 3 hours, under 1000 to 2000 pressure at 1 100 to 1 WG. This HIP 
treatment eliminated, porosity in the sintered :1^y>;''$n9 ; it t9edm$ dense such as 1 0 /ox>r; 
less porosity, in addition, incomplete crystal particles can be eliminated, transparency 
is good and appearance is improved, this; HIP treatment has to be done under at non- 
reducing atmosphere. If the zirebnia is reduced, it will become, black or brown. If there 
is carbon or carbide in the atmosphere* a similar color may be found, so this should be 
avoided. 

Next, the sintered body is processed into brackets for orthodontia of the desired 
type, the molded. body which has ^een manufactured by ruhb^r.prejssing method, metal 
mold method, or extrusion is temporarily baked before find! bakihg. When the molded 
body is manufactured by injection molding, the sintered body can be in the shape of the 
desired brackets for orthodontia; In many cases* the only additional processing required 
will.be barrel polishing. 

The surface of the brackets for orthodontia manufactured by this method can be 
coated, ifnecessiary, with material that is.softer than natural teeth or close tothe hardness 
of natural teeth (100 to 700 kg/mm 2 Vicker's hardness) such as a polymer such as epbxy 
orpolyurethane resin, or products filled" with an inorganic powder such as alumina, 
magnesia, silica, or crystallized glass with a mica divided phase. The coatings are 50 to 



300 jim thick and they can be done using direct dip coating, brush coating, or by using an 
epoxy based adhesive. Accordingly, it is possible to. prevent tooth wear teeth that could 
happen depending on the patient's tooth quality or arrangement when the brackets 
contacts other teeth. As in the above,, if the thickness of this coating l ayer is less thaji 50 
ym, the coating layer will wear off and be lost. Oh the other hand, if it exceeds 300 |im, 
it may release from the sintered brackets. 

(Example Of practice) 

Next, based on example of practice, this invention is going to be explained in 
more detail. 

Example of practice 1 

A solution of zirebnium oxy chloride with 99.5 % 6r higher purity and a solution 
of yttrium chloride with 99.5 % or higher purity were prepared so that the.yttria 
concentration was 2;0 riiol % by oxide conversion. A solution of zinc chloride with 
99.0 % purity was added and mixed so that the zinc: oxide concentration was 0.3 wt; % 
per entire oxide conversion. It was heated gradually up, to 100*G to. remove the moisture. 
Then acquired precipitation was dried, smashed, arid sintered at 900°C. After that, water 
was addcd,/and it was smiashed for 24: hours in a zirconia ball mill. The starting material 
powder acquired, by this method consisted of monoclinic crystal zirconia and 38 mol % 
tetragonal crystal zirconia. Its average primary particle diameter was 0.02 jim, and its 
relative surface area was 20m 2 /g. 

Next, this starting material powder was molded into brackets and test samples for 
physical measurement by injection molding. After they were skimmed; the temperature 
was increased to 1200 C G at 100°C/hour in an electric oven. They were baked at that 
temperature for 2 hours. Then, they were cooled down to approximately 600°C at 
500°C/hour. After that,, they were cooled down to room temperature in the oven. The 
amo urit of tetragonal zirconia of this sintered body was 90 rnol %; thie average particle 
diameter was 0,1 5 yim. When its relative weight was measured by Archimedes 1 method, 
it was 6.05. Since the ideal density is almost 6.1 g/cra 3 , the. porosity was 0;&-%, These 
sintered brackets were polished in a barrel, and white, shiny brackets were manufactured. 
When flexural strength of the sintered test samples was measured by JIS R1601 and their 
toughness was measured by IM (indentation micro fracture) method by Vicker's pressure 
mark using a 30 kg, load, they were 1 1 40 Mpa arid 10*5 MP ft S/m. 

Exampleof practice 2 

0;5 wt. % (by oxide ^ conversiori) of a solution Of ca with 98 % 

purity was: mixed for with 99.5 %'pure zirconiapowder with which contained 2.5 mpl % 
yttria. After the moisture was evaporated and removed, it; was sintered at ?50°C, and a 
starting material powder was manufactured. This powder consisted of monoclinic crystal 
zirconia and tetragonal crystal zirconia. The amount of tetragonal zirconia was 54.3 %, 
its relative surface area was 15 m 2 /g. 

Next, this starting material powder was turned into a spherical shape using a spray 
drier and molded into brackets and test samples for physical measurement by a metal 
molding method. After that, the temperature was increased to 1400°G at 100°G/hour in 
an electric oven ? They were baked at that temperature for 2 hours. They were cooled 



down to approximately 600°C at 5O0°C/hour. After that, they were cooled down to room 
temperature in the oven. The relative weight of this sintered body was 6.0. Porosity was 
1.6 %. These sintered bodies Were given an HIP treatment for 90 minutes at 1400°C 
under 2000 gas pressure in argon gas which contained 1 % oxygen. As a result, the 
amount of tetragonal zircohia contained in this sintered body was 95 mol%; the average 
particle diameter was 0.45 Jim; its relative weight was 6.09 (porosity: 0.2 %), and it was 
close to a pearl colpr. These sintered brackets were polished in a barrel, and shiny yellow 
brackets were manufactured. When the flexural strength of the sintered test samples was 
measured by JIS R1601 and toughness was measured by an IM method by Vicker's 
pressure mark, they were 1500 Mpa and 6.7 MPa >/m. 

Example of practice 3 

A solution of zirconium oxy chloride with 99.5 % or higher purity and a solution 
of yttrium chloride with 99.5 % or higher purity were prepared so that the.yttria 
concentration was 3,0 mol % by oxide conversion. A solution of cobalt chloride with 
98.0 % purity and a copper chloride solution with 98 % purity were added and mixed so 
that the cobalt oxide concentration was 0.3 wt. % and the copper oxide concentration was 
02 wt. % per entire oxide conversion. The precipitation acquired by adding an 
ammonium solution was dried, smashed, and sintered at 1000°G. After that, water was 
added, and it was. smashed for 24 hours in a zirconia ball. mill. This starting material 
powder consisted of mbnoclinic crystal zirconia arid 68.mol % tetragonal crystal zirconia. 
Its relative surface area was 10 m 2 /g. 

Next, this starting material powder was molded in a rubber mold by isostatic 
pressing at 2 tori/cm 2 . The temperature was increased to 1 200°C at 1 00°C/hour in an 
electric oven. They were baked at that temperature for 2 hours. They were cpplcd down 
to approximately 600°C at 500 d C/hour. After that, they were copied dpwii tp room 
temperature in the oven. The amount of tetragoriail zirfcbriia contained in the sintered 
material was 85 mol %\ its average particle diameter was 0.2 ^m. Its relative weight was 
6.02 (1.3 % porosity). This sintered body was pplished and processed into brackets and 
test samples for physical mieasurement. These sintered bodies were given an HIP 
treatment for 90 minutes at 1200°C. As a result, the relative weight became 6.1 (porosity 
rate almost 0). The sintered brackets were polished in a barrel, and transparent blue 
brackets were manufactured. When the flexural strength of the sintered test samples was 
measured by JIS R1601 and toughness was measured by an IM method, they were 1540 
Mpa and 5.2 MPa Vm. 

Example of practice 4 

The brackets and test samples for physical measurement manufactured following 
example of practice 3 were dip-coated in liquid pPlyurethane resin currently available, on 
the market (manufactured by Nippon Polyurethane Co M RU-39) containing 10 wt. Yo of 
the zirconia starting material powder manufactured in example of practice 3 and they 
were cured. A coating with 120 (im thickness and 1 50 kg/mm 2 Vicker's hardness was 
formed. Shiny brackets which prevent wear of natural teeth were manufactured. There 
was no change in strength and toughness of the material by due to the coating layer. 

Example of practice 5 to 10 



The physical properties of brackets manufactured by simi lar methods as example 
of practice 3 were made by changing the composition/sintering temperature, and HIP 
treatment temperature, These were evaluated, and the results are shown in table 1 . Table 
1 also cohtai ns the results from example's of practice 1 to 4 above; 
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(Effects of this invention) 

As explained above, in this invention, tetragonal crystal zirconia is the main 
component. Compared to cubic crystal zirconia or alumina based ceramics, the brackets 
for orthodontia in this invention have higher toughness and strength and much less 
bending and chipping will occur. The porosity is 1 % Or less which is extremely high 
density. The crystal particles are. very fine, so the phase v stability of the tetragonal crystal 
zirconia is excellent. A coloring close to that of natural teeth (compared to the former 
metal brackets) is possible* Since these brackets are also transparent, they have excellent 
appearance. If necessary, they can be coating to prevent wear of other teeth. 
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1. Name of invention 
brackets for orthodontia 

2. Sphere of patent request 
(claim 1 ) 

Claim I is concerning a manufacturing method of brackets for orthodontia which 
has the following characteristic. It consists of the following processes: 

process: (A) where zirconia powder which contains , 1 .7 to 3.2 mol % yttria and 
also amsists of monoclinic arid tetragonal crystal 'is molded • 

process (B) where the: molded body is sintered at 1200 to 1400°C; 

process (C) where the sintered body is heat treated under 1000 to 2000 air 
pressure at 11 00 to 14Q0°C. 

(claim 2) 

Claim 2 is concerning the manufacturing method for brackets for orthodontia in 
claim 1 which ha ve the foi l owing characteristic : a max imum of 0. 5. wt . gfcioff one or more 
oxides such as Q^/Cr, Mn, Ce, Cd, Sr, Fe, Gu; Zn, Sb t , y y ;Niis.cptaihed in the zirconia 
powder in total. 

(claim3) 

Claim 3 is concerning. the:iraaiiufacturing method for brackets for orthodontia in 
claim 1 or 2 which have the following characteristic: a coating layer is slanged on the 
sintered body after process (C)< 

3. Detailed explanation of invention 
(Field of industrial use) 

This invention is concerning brackets for orthodontia that are used by an 
orthodontist. Thfese brackets for orthodontia.haye excellent appearance and high 
strength. 

(Friorart) 

During orthodontal treatment, brackets^bbtided to each tooth are strongly pulled 
by metal wire, etc. Therefore, they must.have high, strength and high toyghness so that 
they will not suffer damage, chips, etc. Former materials* fof-^ this 
requirement include stainless steel However, stainless steel has a metallic luster and it 
stands out,.causing poor appearance. a 

As a solution for this problem, . Japan patentvNo. S 64-25847 discloses brackets for 
orthodontia which use; single crystal alumina tn addition, Japan patent No. S 64-46451 
discloses brackets for orthodontia which vise singlexrystal zirconia which cdhtaiins yttria. 
Japan patent Nb. S 64-52448 discloses brackets use« ceramics. that 

have spinel type crystals QfVhagnesiuhi oxjide and hlumiriurn oxide. 



(Problems that this invention tries to solve) 



Although the single crystal alumina in Japan patent No. s 64-25847 above has 
excellent transparency and good appearance; its processing cost is high. Not only that, its 
strength is directional, and its toughness is low. It is easy to crack or chip. 

The single crystal zirconia which contains yttria in Japan patent No. S 64*46451 
and the spinel type crystal ceramics in Japan patent No. S 64-52448 are transparent and 
their appearance is good. However, their mechanical strength is low, and they may be 
broken or berit easily. 

Accordingly, the object of this invention is to offer brackets for orthodontia which 
have good appearance and high toughness and mechanical strength. 

(Steps for solution) 

This invention has been made in order to attain the above object. The 
manufacturing method fd brackets for orthodontia Of this invention has the following 
characteristics. It consists of the following processes: 

process (A) where zirconia powder which contains 1 .7 to 3.2 mol % yttria and 
also consists of monoclinic and tetragonal crystals is molded; 

process (B) where the molded body is sintered at 1200 to 1400°C; 

process (C) where the sintered body is heat treated under 1000 to 2000 air 
pressure at 1 100 to 1400°C. 

Also, the manufacturing method for brackets for orthodontia has the following 
characteristic: a maximum of 0.5 wt. % of one or more oxides such as Go, Gr, Mn, Ce, 
Cd, Sr, Fe, Cu, Zn, Sb, V, Ni is contained in the zirconia powder in 'totaj. 

In the following, this invention is going to be explained in detail. 

The manufacturing method for brackets for orthodontia in this invention consists 
of processes (A), (B), and (C) above. 

process (A) 

In process (A), zirconia powder which contains 1.7 to 3.2 mol % yttria and also 
consists of monoclinic and tetragonal crystals is molded. It is processed as, follows, for 
example. A solution of zirconium bxy chloride with high purityahat do£s;not contain 
elements poisonous to the human body such as mercury or : arsenic, arid absolution of 
yttrium chloride are mixed so that the yttria concentration will be 1.7 to 3. 2: mol % by 
oxide conversion. A precipitation acquired by a conventional c.o precipitation method, 
hydrolysis method, or thermal decomposition method is dried, and, temporarily baked at 
800 to 1Q00°C. After that, itis smashed by a ball mill. or atrission mill, and a starting 
material powder is acquired. If necessary , the oxides of Co, Cr, Mn, Ce, Cd, Sr; Fe, Cu, 
Zn, Sb, V, Ni used in the bracket to lower sinter temperature or provide color can be 
mixed as solutions of water-soluble salts of chloride simultaneously, and this solution can 
be used to make oxides during the manufacturing process. The starting material powder 
acquired by this method has good sintering properties. It mainly consists of a uniform 
distribution of monoclinic surface crystals.and tetragonal crystals with 0.1 \xm or less 
average primary particle diameter. A.similar starting material powder can be acquired by 
metal alkoxide methods, sol gel methods, gas phase methods, etc. 

Next, this starting material powder is molded by conventional molding methods 
such as rubber press method, metal mold method, extrusion, injection molding, etc. 



The molded body which has been manufactured in a rubber mold, metal mold, or 
extrude^ is baked temporarily before the final fca&ng.in process (B) to be made into 
shape of bracket for orthodontia. When the molded bodty is manufactured by/injection 
molding, the sintered body can be in the shape; of the/desired brackets for prthodpntia. In 
many cases, additional processing will not be needed, 

process (B) 

Process (B) is process where the molded body is sintered at 1200 to 1400°G. It is 
done by the following method, for example. 

After the molded body acquired in process (A) is skimmed, the temperature is 
increased up to 1200 to 1400°C at:20 to 100°C/hour. It i$ sintered at that temperature for 
10 minutes to 3 hours. Then it is cooled down to approximately 600 P C at 200 to 
500°C/hour. After that, it is naturally cooled down to. room temperature, and sintered 
zirconia is manufactured. If the sintering temperature is less than 1200°C, sintering is 
insufficient. However, if itsxe<£^ unstable 
because of crystal particle growth. This is especially important for material that contains 
a low amount of yttria that is expected to have high toughness. Therefore, a dense 
sintered body cannot be acquired, and its corrosion resistance also becomes bad. 
Accordingly, a sintered body with the desired composition* crystal structure, and crystal 
particle diameter can be acquired. However, the porosity of this sintered body is 0/7 to 
1 .7 %, and mechanical strength arid appearance may be insufficient Therefore, the next 
process: (C) will be necessary. 

process (C) 

process (C) is prQcess where the sintered bpdy\is heat treated under 1 000 to 2000 
air . pressure at 1100 to 1400°G;. 

qphis process J-C) is called MP treatment; processing): Itshpul(i*e 

administered for 10 minutes to 3' hours. This HIP treatment eliminates porosity in the 
sintered body, and it becomes dense such as 1 % or less porosity. In addition, incomplete 
crystal particles can be eliminated. Transparency is good and appearance is improved. 
This HIP treatment has to be done under a non-reducing atmosphere. If the zirconia. is 
reduced, it will become black or brown. If there is carbon or carbide in the atmosphere, . a 
similar color may be found, so this should be avoided. 

Next, the sintered body is processed into brackets for orthodontia pf the, desired 

type. 

According to this invention, by using the sintered zirconia defined,, it is possible 
to acquire brackets for orthodontia which hayehigh toughness and mechanical strength. 
That is, when this; sintered zircon ia body recei ves external, stress, since part of the 
tetragonal crystal zirconia component undergoes a locai'phaseiransfprmaiion tp a 
monoclinic crystal, this absorbs the energy that tries to destroy the material (stress 
induced transformation reinforcing structure). Therefore, the -material has high toughness 
arid high strength. 

In the sintered zirconia body which constitutes brackets for orthodontia of this 
invention, the average crystal particle diameter of the tetragonal crystal zirconia has to be 
0. 12 to 0.5 |am. If it is less than 0.12 m % since the phase stability of the tetragdnal 
crystal zirtonia is too good, the stress induced transform^ not occur. Hot only 



that, it is hard to make a dense sintered body. Oh the other hand, if it exceeds ,0. S |im , the 
phase stability of the tetragonal crystal zirconia becomes bad. A (drop in corrosion 
resistance occurs at high temperature during sterilization or when it is kept in bodily fluid 
for a long time. When the material is stressed, a phase transformation occurs along the 
crystal particles in the entire material, so the particles may be destroyed. 

If the average crystal particle diameter of the tetragonal crystal zirconia is 0. 12 to 
0.5 ^m, the phase stability of the tetragonal crystal is high. In order for the stress induced 
transformation reinforcing structure to work effectively, the amount of tetragonal crystal 
zirconia should be at least 50 mol % or higher. 

The porosity of the sintered zirconia for the brackets must be 1 % or less. If it 
exceeds 1 %, strength drops and it will not be transparent. Not only that, the phase 
stability of the tetragonal crystal zircQnia also becomes bad, and corrosion resistance 
becomes bad. The physical properties of the sintered zirconia changes depending oh the 
type of starting material powder, the sintering conditions -such as molding conditions, 
sintering temperature, pressure, etc. Sintered zirconia having the above performance is 
realized when the amount of yttria. which is a stabilizing substance is 1.7 to 3.2 mol %. If 
it is less than 1 .7 mol %, the tetragonal crystal zirconia is unstable, and a dense sintered 
body carinot be acquired. On the other hand, if it exceeds 3 .2 moi %, toughness drops 
considerably. 

Accordihjg to preferred, state of this invention, the material can be colored by 0.5 
wt. % maximum total of one or more oxides such as; Co, Cr, .Mn, Ce, C&Sr, Fe, Cu, Z n , 
Sb, V, Nj. lt can be blue, peach,, yellow, green, etc. The brightness, color phase,, and 
vividness are controlled by the type and amount of oxide. However* if it exceeds 0.5 
wt. %, the color becomes dark> which is* npt preferred. By adding oxides such as Cr, Ni, 
Cu, Mn, Zn, etc. to the starting material powder, it is possible to the lower sintering 
temperature. Thus, a sintered body where the average crystal particle diameter of the 
tetragonal zirconia is 0.12 to 0.5 ^m can be easily acquired. 

The Vicker's hardness of the sintered zirconia body is 900 to 1250 kg/mm 2 , and it 
is much softer than alumina. In some patients, the brackets contact adjacent teeth which 
may be worn due to teeth quality or the arrangement of the teeth. A coating layer which 
consists :of a material softer than natural-teeth or close to the hardness of natural teeth 
(essentially, 100 to 700 kg/mrn 2 Vicker's hardness) can be used to prevent the above 
wear. If the thickrie$s of the coating layer is less the coating layer • will be 

worn. On the other hand, if it exceeds 300 fim, the brackets. will be hard to release from 
the sintered body, etc. A 50 to 300 urn range is good. The coating layer can be a single 
polymer resin such as polyurethane resin mixed with.an inorganic powder such as 
alumina, magnesia, silica, or crystallized glass which has deposited 'fine crystal of mica* 
etc. As will be explained in the following, it is applied to the sintered zirconia body 
using direct dip coating, brush coating, or by using epoxy based adhesive, etc. 

(Example of practice) 

Next, based on example of practice, this invention is going to be explained in 
mure detail. 

Example of practice 1 
process (A) 



0.5 wt. % (by oxide conversion) of a solution of cadmium chloride with 98 % 
purity was mixed for with 99.5 % pure zirconia powder with which contained 2.5 itiol •% 
yttria. Alter the moisture was evaporated and removed, it was sintered at 95.0*0, arid a 
startingjnaterial powder was manufactured. This, powder consisted of monqclinic crystal 
zirconia and tetragonal crystal zirconia. Tlievamount of tetragonal zirconia was 54.3 
its relative surface area was 15 m 2 /g. 

Next, this starting material powde?r was turned into a spherical shape using a spray drier 
and molded into brackets and test-samples for physical me^urement by a metal molding 
method. 

Process (B) 

After that, the : temperature was increased tp 14Qp°C; at lOp°C/hpw in ah electric 
oven. They were baked at that temperature for T hours. They were'cboled down to 
approximately 60d°C at; 500°C/h6ur. After that, they were cooled down to room 
temperature in the oven. The- relative weight of this sintered body was 6.0; Porosity was 
1.6%. ' 

Process ,{C) 

These sintered bodies were given an HIP treatment for 90 minutes at 14d0 o G 
under 2000 gas pressure in argon gas which contained 1 % oxygen. As a result, the 
amount of tetragonal: zirconia contained, in this siritered body was 95 moP%; the average 
particle diameter was 0;4 5 urn; its relative wei ght was 6 09 (porosity: 6.2 %). These 
sintered brackets were polished in a barrel, and shiny yellow brackets were manufactured. 
When the flexural strength of the siritered test samples was measured by XlS R 1601 arid 
toughness was measured by an 1M method by Vickcr's pressure mark, they were 1500 
Mpa and 6.7 MPa Vm. 

Example, of practice 2. 
Process (A): 

Absolution, of zir<^ 
of yttri^chlQifa^ %\prlughe^ so/tl^.^-.^a^ 

concentration was 3.6 mol % by oxide conversion. Absolution of tobalt chloride with 
9&.0 % purity and a^opper chlpridk solutfe «4(fe9 and mixed so 

that the cobalt oxide CPncchlration was 0.3 vn.%'fiS^bttpf&&dte coricdritration was? 
0.2 wt. % per entire oxide conversion. The precipitation acquired by adding an 
ammonium solution was dried, smashed/and sintered at l'0tiQ 6 C. After that, water was 
added, and it was smashed for 24 hours in a zirconia ball mill. This starting-material 
powder consisted of monoclinic crystal zirconia and 68 mol % tetragonal crystal zirconia. 
Its relati ve surface area was 10 m 2 /g. 

Next, this stanirig material powder was molded, in a rubber mold by isostatic 
pressing at 2 ton/cm 2 . 

Process (Bt) 

The temperature was increased to 1200^C at 100°C/hour in an electric oven. 
They were baked *t: that temperature for 2 hours. They ^eritf cooled down to 
approximately 60CTC at 5tf6?G/hour. After that, they were cooled/down to room 



temperature in the oven. The amount of tetragonal rirconra contained in the.;sjntered 
material was 85 mol %; its average particle diameter was 0.2 |irri. Its relative weight was 
6.02 (1.3% porosity). 

Process (C) 

This sintered body was polished and processed into brackets and test sampIes:for 
physical measurement. These sintered bodies were given an HIP treatment for 90 
minutes at 1200°C. As a result, the relative weight became 6,1 (porosity rate almost 0). 
The sintered brackets were polished in;a barrel, and transparent^blue brackets were 
manufactured. When the flexural strength of. the sintered test samples "was measured by 
JIS R1601 and touglmess.was measured by an IM;methodv,^ 
MPa Vm. 

Example of practice 3 

The brackets and test samples for physical measurement manufactured following 
example of practice-2 were dip-coated in liquid poljaite^ available oh 

the market (manufactured by Nippon Pojyurethane Co., RU-39) containing 10 wt. % of 
the zirconia starting material powder manufactured in example of practice 2 and they 
were cured. A coating with 1 20 |4in thickness and 1 50 kg/mm 2 Victor's hardness was 
formed. Shiny brackets which prevent wear of natural teeth were manufactured. There 
was no change in strength and toughness of the material by due to the coating layer. 

Example of practice 4 to 1 1 

The physical properties of brackets manufactured by similar methods as example 
of practice 2, were made by changing the composition, sintering; temperature, and HIP 
treatment temperature, These wereeevaluated, and the results are shown in table 1. Table 
1 also contains the results ^from excunples of practice 1 to:3 above. 



table 1 



ex. of 
practice 


1 


2 


3 


■4 


.5; 


6 


7 


8 


9 


10 


11 


yttria 
contained 
amount 
(mol %j 


2.5 


3.0 


3.0 


1.75 


1 .75 




3.1 


2.0 


2:6 


2.0 


2:5 


metal oxide 
and its 
contained 
amount 
(wt. %) 


CdO 
0.1 


CoO 

0.3 

GuO 

0 ; 2 


CbO 
0.3 
CuO- 
0.2 


;NiO 
0.4 


MnO 
0.5 




Cr203 

0:3; 




ZnO 

0:4 


ZnO 

0'3 

Fe203 
0.1 


ZnO 

OA 

Fe2C3 
0.1 

Cr2Q3 
0.01 


Sintering 

temperature 

CO 


1400 


1200. 


1200 


1200 


1300 


1400 


1350 


1-400 


1200 


1300 


1400 


HIP 

treatment 


1400 


1200 


1200 


1200 


1200 


1350 


1350 


1300. 


.1200 


1300 


1400 



temperature 
(°C) 
























relative 

weight of 

final 

sintered 

body 

(g/cm3) 


6.0? 


6.10 


6.10 


607 


6.0? 


.6.09 


6.07 


6.08;. 


6,0? 


6.1 


6.1 


porous rate 


0:16 


0 


0 


0v49 


0:16 


0.16 


0.49 


0;33 


0,16 


0 


0 


particle 
diameter of 
tetragonal 
crystal 
(jim) 


0.45 


0.2 


0;2 


0:2 


0,3 


0.45 


0.3 


0:4 


0:2 


0.3 


0.4 


lelragonal 
crystal 
contained 
amuunl 


95 


85 


85 


65 


60 


95 


80 


70 


95 


95 


90 


flexural 
strength 
(MPa) 


1500 


1540 


1550 


1400 


1500 


1600 


1300 


1450 


160P 


1500 


1500 


destruction 

toughness 

(MPa^fn) 


6,7 


5-2 


5,2 


13,5 


14.7 


6.1 


5,0 


11.5 


5.9 


8.0 


6.0 


colortoqe 


yellow 


blue 


blue 


green 


black 


pale> 
yellow 


purple 
red 


pale 

yellow 


milky 
white 


yellow 


yellow 



(Effects of this, invention) 

As explained aboveyUie^ 
toughness and strength; arid bending and chipping'U not likely >tp opcim, A coloring-close 
to that of 'natural teeth (compared to the former metal brackets); is possible; Since/these 
brackets are also transparent; they have excellent appearance, if necessary, thqy can be 
coated to prevent, wear of other teeth. 

Applicant: Hoya Co. Ltd. 

Assigned representative: Shizuo Nakamura, patent attorney 
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